Abstract. Despite recent advances in the management of thyroid cancer, the survival rate of this tumor may still be improved. Therefore, the identification of biological and molecular features of indolent and aggressive disease would be critical to define clinically useful predictors of high-risk lesions. microRNAs (miRNAs) are small RNA molecules with regulatory function and marked tissue specificity that modulate multiple targets belonging to several pathways. They are frequently deregulated in cancer and constitute a new class of blood-based biomarkers useful for cancer detection and prognosis definition, including thyroid cancer. In this review, the role of miRNAs in thyroid cancer development is described. The most common miRNAs detected in thyroid cancer along with their clinical significance are also discussed. Further studies aimed to detect plasma-based miRNA biomarkers in thyroid cancer patients may provide further insight into the management of thyroid cancer.
Introduction
Gene expression in normal cells is highly regulated by complex gene regulatory networks. Disruption of these networks may lead to cancer. Previous studies have shown the presence of small regulatory RNAs, known as microRNAs (miRNAs), that represent a class of highly conserved small endogenous RNAs made up of 20-22 nucleotides single-stranded noncoding proteins. These miRNAs are involved in the regulation of proliferation differentiation and apoptosis by interfering with protein expression (1) (2) (3) , usually resulting in translational repression or target degradation and gene silencing (4) . Accumulating evidence has shown that miRNAs are associated with cancer because of their deregulation (5-7). Many miRNAs are expressed in a tissue-specific manner and exhibit expression profiles that are different between normal and neoplastic tissues and between tumors with distinct biological properties (8, 9) . Several research lines have been developed to understand the role of miRNAs in cancer development and in clinical practice, as tumor biomarkers and therapeutic targets. The deregulated expression of miRNAs has been recognized in multiple cancer types, including thyroid cancer. Thyroid cancer represents an attractive model for studying the events involved in epithelial cell multistep carcinogenesis as these events comprise a broad spectrum of lesions with different degrees of malignancy. Most thyroid carcinomas originate from thyroid follicular cells and are subdivided into well-differentiated papillary thyroid carcinoma (PTC) and follicular thyroid carcinoma (FTC). Both PTCs and FTCs may progress into poorly differentiated carcinoma or may completely lose differentiation to give rise to anaplastic carcinoma (ATC). Less than 5% of cells within the thyroid gland are C-cells that give rise to medullary thyroid carcinoma (MTC) (10) . The aim of this review was to highlight the latest findings on miRNA expression profiles in various subtypes of thyroid cancer.
Mechanism of action and functions of microRNAs
The miRNAs that were first discovered, lin-4 (11, 12) and let-7 (13, 14) were identified genetically in Caenorhabditis elegans. Subsequently, hundreds of non-protein-coding miRNAs were identified across species, showing that they are highly conserved (2, (15) (16) (17) . Both cloning and bioinformatic approaches have shown that the human genome contains a larger number of miRNAs than previously appreciated (18) . It has been suggested that the total number may be >800 or 1,000 (3) . miRNA genes located in the introns and/or exons microRNAs and thyroid cancer: Biological and clinical significance (Review) GIULIA (16, 19, 20) . miRNA biogenesis consists of a stepwise-process that starts with a primary transcript RNA (pri-miRNA) transcribed from a miRNA gene by RNA polymerase II and thus processed into a stem-loop structure of ~70-100 nt [precursor miRNA (pre-miRNA)] by a doublestrand (ds)-RNA-specific ribonuclease, Drosha, with the help of its binding partner DGCR8 (21) (22) (23) . These pre-miRNAs are transported into the cytoplasm via an exportin-5-RanGTP dependent mechanism (24) (25) (26) . In the cytoplasm, they are digested by a second, dsRNA-specific ribonuclease known as Dicer, with the help of transactivating response RNA-binding protein (TRBP) and argonaute 2 AGO2 (27) (28) (29) . The released 17-25 nt mature miRNA is bound by a complex termed miRNAassociated RNA-induced silencing complex (miRISC) (30) . miRNAs can direct the RISC to downregulate gene expression by using one of 2 post-transcriptional mechanisms: mRNA cleavage or translational repression (Fig. 1) . According to the prevailing model, the selection of post-transcriptional mechanisms is determined by the identity of the target. Once incorporated into a cytoplasmic RISC, the miRNA will specify cleavage if the mRNA has sufficient complementarity to the miRNA or it will repress productive translation if the mRNA does not have sufficient complementarity to be cleaved but has a suitable constellation of miRNA complementary sites (31, 32) . A single miRNA can regulate multiple target genes, while a single gene can be targeted by multiple miRNAs, suggesting that the miRNAome and mRNAome interaction is a complicated network (20) . This enormous variability suggests that miRNAs may be involved in almost all physiological processes of the cell, defining a regulatory control of approximately 1/3 of the messenger RNA of the whole human genome (33).
microRNAs and cancer
Cell proliferation, differentiation and apoptosis are essential processes in cell and tissue homeostasis and their alteration is a fundamental step in the initiation and progression of malignant disease. Evidence has shown that miRNA mutations or misexpression correlate with various human cancers, indicating that miRNAs function as tumor suppressors and oncogenes (33) . Genome-wide studies have demonstrated that miRNA genes are frequently located at cancer-associated genomic regions or in fragile sites. They are also present in the minimal regions of loss of heterozygosity, in the minimal regions of amplifications or in the common breakpoint regions, suggesting that miRNAs may be a new class of genes involved in human tumorigenesis (34) . Analysis of miRNA expression profiles in tumor samples and normal tissues have displayed different patterns of overexpression or downregulation (8) . A general finding is that global miRNA expression levels are lower in tumor tissues than normal tissues independent of cell type. In addition, poorly differentiated tumors present a lower global level of miRNA expression compared to more differentiated tumors. These data are consistent with the hypothesis that high global miRNA expression levels are associated with cellular differentiation (35) . Previously, a series of bioinformatics prediction programs, based on mathematical algorithms, have been developed to properly identify the hypothetical mRNA targets for each specific miRNAs. Interestingly, predominant miRNA targets are transcription factors or kinases and researchers are currently attempting to dissect the target genes of miRNAs and their signaling pathways involved in cancer (36) . The deregulation of miRNAs participates in the activation of cell proliferation or in the inactivation of the apoptotic signaling pathway in conjunction with other genetic changes leading to cancer pathogenesis (37) . Several miRNA signaling pathways have been carefully studied: i) the human RAS gene contains multiple let-7 complimentary binding sites, allowing the let-7 miRNA family to regulate RAS expression (38) ; ii) miR-19 has been demonstrated to bind the 3' UTR of phosphatase and tensin homologue (PTEN) mRNA in vitro suggesting that overexpression of mir-19 in tumor cells could be an alternative mechanism by which the PI3K/Akt signaling pathway is activated (39); iii) the mir-17-92 cluster is overexpressed in multiple malignancies and, in a mouse B-cell lymphoma model, it has been demonstrated to act with c-myc expression to accelerate tumor development (40) ; iv) miRNAs also interfere with the apoptotic process by blocking the expression of critical apoptosis-related genes (8, (41) (42) (43) ; v) KIT is an important tyrosine kinase receptor in cell differentiation and growth. Inhibiting the KIT signaling via miRNAs may contribute to uncontrolled cell growth in certain type of cells (44); vi) miR-106a and miR-20a may negatively regulate retinoblastoma 1 (RB1) and transform growth factor (TGF)-β signaling (45); g) miR-372 and miR-373 are potential oncogenes by numbing the p53 pathway and allowing tumorigenic growth in the presence of wild-type p53 (46) .
Moreover, the scientific community is focusing on miRNAexpression signatures that may represent a powerful tool for cancer diagnosis, for defining a treatment strategy for patients, for prediction of the prognosis and for monitoring treatment response (33).
microRNAs and thyroid carcinoma
A number of studies have analyzed miRNA expression in different types of thyroid tumor, demonstrating that miRNA deregulation occurs in cancer tissues compared to their normal counterparts. Moreover, miRNA expression profiles presented high variability among the different histotypes of thyroid cancer (Table I) .
Follicular thyroid carcinoma. FTC belongs to the welldifferentiated thyroid carcinoma group with a usually more aggressive behavior than PTC. Several studies have attempted to define the roles of miRNA deregulation in this histotype.
In 2006, Weber et al (47) published data on deregulated miRNA expression in FTC. It was investigated whether miRNAs were differentially expressed in human FTC and follicular adenomas (FAs) using 2 high-density expression arrays to identify miRNAs and their target genes. In total, 45 primary thyroid samples (23 FTC, 20 FA and 4 normal control thyroid samples) were analyzed. Four miRNAs (miR-192, miR-197, miR-328 and miR-346) were observed to be overexpressed in FTCs compared to FA. These miRNAs appeared to be specific to the FTC phenotype. miR-197 and miR-346 were also validated by real-time quantitative RT-PCR that confirmed their overexpression. The effects of these 2 miRNAs have been functionally studied using two cell lines of human thyroid cancer, FTC133 and K5, a cell line of human papillary thyroid cancer, NPA87, and a line of human embryonic kidney cells, HEK293T as the control. The induced overexpression of miR-197 and miR-346 stimulated cell proliferation in vitro, while the downregulation of miR-197 and miR-346 led to cell growth suppression in both the FTC133 and K5 cell lines, but not in the NPA87 cell line, confirming that the deregulation of miR-197 and miR-346 contributes to FTC carcinogenesis, but not PTC carcinogenesis. The targets of these 2 miRNAs were also detected. EFEMP2 (fibulin 4), a protein involved in the stabilization and organization of extracellular matrix structures that functions as as tumor suppressor (48, 49) , was inhibited by the overexpression of miR-346. The activin A receptor type 1 (ACVR1), a potent inhibitor of cell growth in several human cells types, including the thyroid epithelium (50) , and tetraspanin 3 (TSPAN3), whose exact biological role in tumors is still unknown, were both downregulated as a consequence of the overexpression of miR-197. The authors suggested that these 2 miRNAs may participate in the malignant transformation of follicular tumors and that their target genes may provide new molecular markers for distinguishing malignant from benign FTC (FA).
Nikiforova et al (51) did not confirm the results published by Weber et al, except for miR-197. miRNA expression levels were detected in 60 surgically removed thyroid neoplastic and non-neoplastic samples and in 62 fine-needle aspiration (FNA) samples by RT-PCR using the TaqMan miRNA panel or individual miRNA sequence-specific primers. miRNA expression levels were also calculated relative to normal thyroid tissue. Various histopathological types of thyroid tumors, including those derived from the same cell type, showed significantly different profiles of miRNA expression. Oncocytic tumors, conventional follicular tumors, papillary carcinomas and MTCs formed distinct clusters on the unsupervised hierarchical cluster analysis. A significant correlation between miRNA expression patterns and somatic mutations was observed in papillary carcinomas. A set of 7 miRNAs (miR-187, miR-221, miR-222, miR-146b, miR-155, miR-224 and miR-197) that were most differentially overexpressed in thyroid tumors vs. hyperplastic nodules in the surgical samples was validated in the FNA samples, displaying a high accuracy of thyroid cancer detection. miR-187 is one of the most upregulated miRNAs in PTC and FTC but remains unchanged in FA. The authors suggested that miR-187 may be a useful marker to discriminate FTC from FA. However, it is not suitable for discriminating FTC from other carcinomas of follicular origin.
The study by Colamaio et al (52) Papillary thyroid carcinoma. PTC is the most common malignancy in thyroid tissue, accounting for ~80% of all thyroid cancers (53) . Genetically, PTC is characterized by alterations in the RET/PTC-RAS-BRAF signaling pathway (54,55) through activating mutations in BRAF and RET/PTC gene rearrangements (56, 57) . A strong inherited genetic predisposition to PTC has been suggested by case-control studies demonstrating a 3-to 8-fold risk in first-degree relatives, one of the highest of all cancers. However, there are no identified genes predisposing or contributing to PTC. The mechanisms may require the interaction of 2 or more regulatory, rather than protein-encoding genes (58).
He et al (59) identified a set of 5 miRNAs (miR-146, miR-221, miR-222, miR-21 and miR-181) significantly overexpressed in PTC compared to normal tissue. Inter alia miR-146, miR-221 and miR-222, displayed 11-to 19-fold higher levels in PTC than in normal tissues. The expression of miR-221 was detectable in normal thyroid tissue adjacent to PTC tumors from all patients suggesting, as the authors highlighted, that the increased expression of miR-221 in normal thyroid tissue may be an early genetic event in PTC carcinogenesis and may play a role as an oncogene in the thyroid. The study analyzed the predicted targets of the 3 most significantly overexpressed miRNAs (-221, -222 and -146), by using publicly available algorithms, and found a group of 19 genes clustered together with miR-221 and miR-222, whose expression levels were significantly lower in PTC tumors compared to normal tissues. KIT was one of the genes displaying profound mRNA underexpression in PTC tumors. This observation did not apply to all tumors, emphasizing the complexity of these regulatory pathways, which may be organ-or cell-specific. To date, the biological significance of the loss of c-KIT in thyroid tumors is not clear. Intriguingly multiple miRNAs have been predicted to target KIT, including those overexpressed in PTC, and it is possible that the multiple interaction opportunities provided by networks or 'signatures' of miRNA deregulation create different responses in target genes under different circumstances and combinations.
Cahill et al (60) studied the effects of the RET protooncogene on gene expression and the transcriptional regulation of PTC cell lines carrying the ret/PTC1 rearrangement and the expression of miRNAs in 2 human PTC cell lines carrying the ret/PTC1 rearrangement, compared with normal thyroid cell lines. Apart from alterations on the expression profiles of the coding genes involved in cell differentiation and proliferation (CEBPB, CCNG1, IFITM3 and HTRA), they analyzed miRNA expression profiles. They found 20 miRNAs significantly overexpressed (miR-34a, miR-96, miR-99a, miR-100, miR-125b, miR-128a, miR-128b, miR-130b, miR-139, miR-141, miR-142-3p, miR-146, miR-148, miR-185, miR-200a, miR-200b, miR-211, miR-213, miR-216 and let-7d) and 15 downregulated miRNAs (miR-15a, miR-34c, miR-107, miR-127, miR-135b, miR-145, miR-149, miR-154, miR-181, miR-218, miR-299, miR-302b, miR-302C, miR-323 and miR-370) in tumor cell lines compared to normal thyroid tissues.
In 2009, Ricarte-Filho et al (61) performed a functional study to investigate the involvement of miRNA let-7f in PTC development. They showed that let-7f induction in TPC-1 cells, a human PTC cell line that spontaneously harbors the RET/ PTC1 oncogene, causes a marked reduction in cell proliferation and induced the expression of molecular markers characteristic of thyroid differentiation (TITF1) suggesting that let-7 miRNA is an essential regulator of thyroid carcinogenesis.
Pallante et al (62) also analyzed genome-wide miRNA expression profiles in human thyroid PTCs using a microarray (miRNA Chip microarray) containing hundreds of human precursor and mature miRNA oligonucleotide probes. Using this approach, they found an aberrant miRNA expression profile that clearly differentiates PTCs from normal thyroid tissues. In particular, a significant increase in miRNAs, miR-221, -222 and -181b, was detected in PTCs in comparison with normal thyroid tissue. Functional studies, performed by blocking miR-221 function and by overexpressing miR-221 in human PTC-derived cell lines, suggested a critical role of miR-221 overexpression in thyroid carcinogenesis. However in 2010, Chiang et al did not confirm miR-220 as a miRNA in their detailed study on mammalian miRNA expression profiles (63).
Tetzlaff et al (64) analyzed global miRNA expression profiles through microarray chips in a series of samples of PTC in formalin-fixed paraffin-embedded tissue (FFPE) and compared them to the expression profiles of benign proliferative multinodular goiter (MNG). The analysis revealed a series of 13 miRNAs upregulated and a series of 26 miRNAs downregulated. The validation by RT-PCR, in an independent set of tumor tissues, was performed only for miR-21, miR-31, miR-221 and miR-222. miR-221 and miR-222 were upregulated in PTC compared to the MNG group. The authors highlighted their ability to procure sufficient miRNA from FFPE tissue to describe a series of miRNAs with deregulated expression, demonstrating that FFPE tissues are suitable resources for such miRNA expression analyses when fresh tissues are not available or for performing retrospective studies.
Chen et al (65) analyzed the expression of a selected group of miRNAs. The results showed that miR-146b was consistently overexpressed in both classical papillary carcinoma and follicular variants, whereas all other groups displayed lower expression at a similar level. Follicular lesions with partial features of papillary carcinoma all showed low miR-146b levels similar to other non-papillary carcinoma groups, suggesting that they are biologically distinct from papillary carcinoma. miR-221 and miR-222 also showed a higher expression in papillary carcinoma, but with substantial overlaps between the other groups blocking their use as biomarkers for PTC lesions. When these analyses were applied to 40 FNA samples of various lesions, only miR-146b and miR-222 persisted as distinguishing markers for papillary carcinoma. They concluded that miRNAs, particularly miR-146b, may potentially be adjunct markers for diagnosing PTC in both FNA and surgical pathology specimens. Moreover they found that the overexpression of miR-146b is common both in classic and follicular variants of PTC, regardless of the BRAF mutation status.
The effect of BRAF mutations on miRNA expression profiles in PTCs has also been analyzed by Sheu et al (66) . Differences were not recognized in the expression profiles of 5 miRNAs (miR-21, miR-146b, miR-181b miR-221 and miR-222) between PTCs with BRAF V600E mutation and wild-type PTCs.
Recently, Sheu et al (67) explored whether miRNA upregulation could be assigned to distinct histomorphological variants of PTC, particularly the follicular variant and other encapsulated follicular thyroid tumors. The authors concluded that the analysis of a set of 5 selected miRNAs distinguished common variants of PTC from FA/MNG but failed to be a useful diagnostic method in individual and doubtful cases, especially in the differential diagnosis of encapsulated follicular thyroid tumors.
In another study, Sheu et al (68) compared the expression patterns of miRNAs (-146b, -181b, -21, -221, -222), in PTC and in hyalinizing trabecular thyroid tumors (HTTs). Moreover, the 2 common genetic alterations characteristic of PTC, the V600E mutation of BRAF gene and the rearrangements of RET/PTC 1 and 3, were determined in all HTTs. All miRNAs were significantly upregulated in PTC, while all miRNAs in HTT, normal thyroid tissue, adenomas and MNGs were downregulated. All HTTs lacked BRAF mutations and RET/PTC rearrangements. These results did not support the concept that a high proportion of HTTs represents a variant of PTC and the authors suggested that HTTs lacking both a miRNA expression pattern characteristic of PTC and RET/PTC rearrangements be re-designated as 'hyalinizing trabecular adenomas'.
Chou et al (69) evaluated the expression of miR-146b, miR-221 and miR-222 in 100 cases of PTC, with distinct clinicopathogenetic characteristics, and 16 paired normal controls. The tumor samples were categorized into low-and high-risk groups on the basis of the tumor-node-metastasis staging system. miR-221, miR-222 and miR-146b were significantly associated with extrathyroidal invasion and the expression levels of miR-221 and miR-146b were significantly higher in the high-risk PTC group. The miR-146b expression levels in PTCs with BRAF mutation were significantly higher than those without this mutation.
Visone et al (70) , after identifying the upregulation of miR-221 and miR-222 in human thyroid papillary carcinomas, searched for their molecular targets. Through a bioinformatic approach, it was reported that the gene, CDKN1B (p27kip1, protein name), an important regulator of the cell cycle able to inhibit the initiation of th S phase, was the candidate target of the miR-221/222 cluster. They reported that an enforced expression of the miR-221 and miR-222 induced the thyroid papillary carcinoma cell line (TPC-1) to progress to the the S phase of the cell cycle. Moreover, the negative regulation of p27(Kip1) by miR-221 and miR-222 may also play a role in vivo since an inverse correlation between miR-221 and miR-222 upregulation and downregulation of the p27(Kip1) protein levels in human thyroid papillary carcinomas was reported. By contrast, inhibition of the expression of miR-221 and miR-222 through specific antisense oligonucleotides 2'-OMe-221 and 2'-O-Me-222 increased the p27(Kip1) protein levels. As the authors proposed, these results strongly suggest the involvement of miR-221 and miR-222 in the cell cycle control through the modification of the p27(Kip1) protein level in the cell.
Anaplastic thyroid carcinoma. ATCs are highly aggressive and fatal tumors with a mean survival of less than 8 months after diagnosis (71) . Various treatment patterns including radiation and chemotherapy have been used in ATC, but they are mostly unsuccessful (72) . Therefore, the identification of miRNAs involved in proliferation or apoptosis in ATC cells has important therapeutic implications and may lead to the establishment of a novel therapy for ATC.
Takakura et al (73) investigated the role of those miRNAs specifically deregulated in ATC focusing on the miR-17-92 cluster, composed of 7 miRNAs (miR-17-5p, miR-17-3p, miR-18a, miR-19a, miR-20a, miR-19b and miR-92-1). They first assessed the overexpression of the miR-17-92 cluster in different ATC cell lines and then investigated the functional role of these miRNAs through cell transfection with miRNA inhibitors. The suppression of miR-17-3p caused complete growth arrest, presumably due to caspase-3 and -9 activation, resulting in apoptosis. The miR-17-5p or miR-19a inhibitor also induced strong growth reduction, but only the miR-17-5p inhibitor led to cellular senescence. The miR-17-5p and miR-19a targets were identified in the RB1 and PTEN genes as their expression increased after transfection with the miR-17-5p and miR-19a inhibitors.
It is becoming clear that PTEN plays a crucial role in thyroid cancer. Germinal mutations are associated with Cowden's syndrome and the reduced expression of PTEN plays a crucial role in thyroid cancer (74) . Moreover, it has been reported that PTEN inactivation is involved in highly malignant or latestage thyroid cancer, especially in the anaplastic subtype (75) . Therefore, the overexpression of miR-19a and miR-19b may be associated with the translational suppression of PTEN and the induced cell growth in ATC (73) . By contrast, miR-18a inhibitor only moderately attenuated cell growth. As proposed by the authors, these inhibitors may represent valid therapeutic approaches for the treatment of ATC.
Mitomo et al (76) examined miRNA expression in ATC, PTC cell lines and ATC, PTC tissue samples. They quantitatively evaluated the expression of multiple miRNAs, 5 upregulated and 5 downregulated miRNAs previously reported to be differentially expressed in comparison to normal thyroid tissues (61, 66) . miR-138 was the only one significantly downregulated in ATC cell lines in comparison to PTC cell lines. Then, they searched for target genes of miR-138 using the miRBase and among 793 target genes they focused on the hTERT (human telomerase reverse transcriptase gene) gene as the overexpression of its protein has been reported in primary ATC in comparison with PTC (77) . They demonstrated that the overexpression of miR-138 induced a reduction in hTERT protein expression, and confirmed target specificity between miR-138 and the hTERT 3'-untranslated region. These results suggest that the loss of miR-138 expression may partially contribute to the gain of hTERT protein expression in ATC, and that further multiple miRNAs targeting hTERT mRNA may be involved in the development of thyroid carcinoma. As proposed by the authors, the upregulation of hTERT, subsequent to the downregulation of miR-138, may be responsible for the malignant progression of well-differentiated PTC in more aggressive ATC (77) .
In Visone et al (80) analyzed miRNA expression profiles in ATC samples compared to normal thyroid tissues and found a significant downregulation of miR-26a, miR-30a-5p, miR-30d and miR-125b in ATC compared to normal samples. They found an aberrant miR expression profile that clearly differentiates ATC from normal thyroid tissues and from PTCs previously analyzed. The induced overexpression of miR-26a and miR-125b in 2 human ATC cell lines caused the inhibition of cell growth, suggesting a role of these 2 miRNAs in the negative regulation of the cell cycle and their downregulation in thyroid tumorigenesis. miR-26a influenced the progression of the cell cycle by adjusting the negatively EZH2 oncogene expression, a gene involved in the epigenetic silencing neoplastic development. Conversely, an effect on cell growth was not observed after the overexpression of miR-30d and miR-30a-5p in the same cells. These data indicate a miRNA signature associated with ATC and suggest the miR deregulation as an important event in thyroid cell transformation.
Pacifico et al (81) showed that NF-κB contributes to anaplastic thyroid cancer by upregulating the expression of miR-146a. Since the regulation of miRNA expression is controlled by the RNA polymerase II-dependent transcription factors, NF-κB in the ATC-derived FRO cell line was inactivated and its miRNA profile in comparison with the parental counterpart was analyzed. miR-146a resulted in the overexpression of human ATC specimens compared with normal thyroid tissue. Moreover, the inhibition of miR-146a expression in FRO cells decreased their oncogenic potential and increased the susceptibility of the cells to chemotherapeutic drug-induced apoptosis. The authors suggested that NF-κB contributes to anaplastic thyroid cancer by upregulating the expression of miR-146a.
Medullary thyroid carcinoma. Only 2 studies have analyzed the expression profile of miRNAs in MTC.
Nikiforova et al (51) analyzed the expression of miRNAs in surgically removed thyroid neoplastic and non-neoplastic samples and in FNA samples, finding a group of 10 specific miRNAs (miR-9, miR-10a, miR-124a, miR-127, miR-129, miR-137, miR -154, miR-224, miR-323 and miR-370) upregulated in MTC.
In 2011, Abraham et al (82) analyzed miRNA expression in order to identify potential prognostic biomarkers and therapeutic targets in MTC management. miRNA microarray profiling was carried out on tissue samples from patients with sporadic medullary thyroid cancer (SMTC) and hereditary medullary thyroid cancer (HMTC). The functional role of a selected miRNA was also investigated in vitro in the human MTC cell line (TT cells). miRs-183 and -375 were overexpressed and miR-9 was underexpressed in SMTC vs. HMTC. The overexpression of miRs-183 and -375 in MTC predicted lateral lymph node metastases and was also associated with residual disease, distant metastases and mortality. Knockdown of miR-183 expression in the TT cell line induced a significant decrease in the viable cell count and upregulation of the LC3B protein, which is associated with autophagy. This study indicated that miRNAs may play a pivotal role in the biology of MTC and represent an important class of prognostic biomarkers and therapeutic targets warranting further investigation.
Conclusion
miRNAs mediate a recently recognized form of translational inhibition that alters the levels of critical proteins, thereby providing a mechanism for spatiotemporal control of developmental and homeostatic events across a wide range of plants and animals (4, 85) . Since abnormal proliferation and apoptosis are a hallmark of human cancers, it is possible that miRNA expression patterns may denote the malignant state. The altered expression of a few miRNAs has been found in some tumor types, and previous studies have shown that the altered expression of specific miRNA genes contributes to the initiation and progression of cancer (1, 5, 16, 34, 38, 39, 43, (83) (84) (85) (86) (87) . Therefore, miRNA expression profiles offer the potential to inform cancer classification, diagnosis and prognosis.
Thyroid cancers comprise a broad spectrum of lesions with different degrees of malignancy representing a useful model to study miRNA expression profiles. Several studies have demonstrated that various histopathological types of thyroid tumor, derived from the same cell, have distinct miRNA profiles, which further differ within the same tumor type reflecting specific oncogenic mutations in these tumors. These insights have an important implication on the classification of thyroid tumors and refine their scheme of progression. One of the main diagnostic problems in thyroid cancers involves the preoperative assessment of thyroid nodules. Thyroid FNA is an important method for the pre-operative evaluation of thyroid nodules, although in 10-20% of samples, the a diagnosis cannot be reached (88) . Therefore, additional methods to improve the pre-operative diagnosis are highly desirable and would result in a major impact on clinical assistance. A recent study reported the possibility of using circulating miRNAs (plasma, serum, urine or other bodily fluids) as a new class of biomarkers for the diagnosis of cancer as the expression profiles of miRNAs are specifically associated with certain types of cancer (89) .
